Introduction
Left ventricular apical aneurysm (LVAA) is a serious complication of anterior myocardial infarction (MI). In addition to apical dysfunction, there may be more extensive (overall) ventricular dysfunction that can lead to chronic heart failure, as well as malignant ventricular arrhythmias and thromboembolism. This case report features the abnormal echocardiographic findings of a patient with LVAA, including extensive ventricular dysfunction and paradoxical intra-ventricular blood flow.
Case description
A 71-year-old woman with dyspnoea on mild exertion was referred for cardiovascular review. Nineteen years earlier, percutaneous coronary intervention (PCI) with stent deployment had been used to treat an 80% stenosis in the mid left anterior descending coronary artery. Other significant cardiovascular history included prolonged cigarette use, poorly controlled hypertension and raised cholesterol levels. Physical examination confirmed an elevated blood pressure at 150/80 mmHg, with normal heart sounds and no dependent oedema. The electrocardiogram showed sinus rhythm at 70 beats per minute with anterolateral T wave inversion.
A transthoracic echocardiogram (TTE) was requested to assess left ventricular (LV) function. Two-dimensional (2D) TTE images revealed abnormal cardiac anatomy and function. The basal and mid LV segments were mild to moderately hypertrophied whereas the apical segments were thin and aneurysmal, giving the LV an 'hourglass' like appearance (Figure 1 ). Systolic function in the basal and mid LV segments appeared normal, whereas the apex appeared dyskinetic. 2D LV ejection fraction (LVEF) by Simpson's biplane method measured 48%.
Three-dimensional (3D) TTE images confirmed the abnormal LV anatomy and systolic function. LV size, radial contraction and anti-clockwise rotation of the basal and mid segments appeared normal, whereas the apex was aneurysmal and dyskinetic. 3D LVEF measured 49% (Figure 2) . Additional information about longitudinal LV deformation (strain) was obtained using 2D speckle tracking echocardiography (2DSTE): strain was near normal in only three of the six basal LV segments, abnormal in all six mid LV segments, and markedly abnormal in all five apical segments ( Figure 3A and 3B) .
Doppler analysis of LV haemodynamics was also abnormal. Pulsed wave Doppler measurements of basal LV inflow and outflow were unremarkable -LV inflow showed an impaired relaxation profile, and outflow showed normal velocity and duration. However, paradoxical blood flow in the apical and mid LV regions was observed: flow from the apex towards the base during early to mid diastole was seen with colour, pulsed wave and continuous wave Doppler ( Figure 4A ). The peak paradoxical flow velocity measured 1.1 m/s ( Figure 4B ). Other TTE images and measurements were largely normal.
Discussion Left ventricular apical aneurysm
Left ventricular apical aneurysm is a serious complication of anterior MI.
1 LV aneurysms are related to transmural infarction or incomplete reperfusion following PCI and usually develop within one month of the event. [2] [3] [4] [5] While advances in the treatment of MI such as thrombolysis and primary PCI have improved outcomes, one report indicates that LVAA still occurs in up to 7% of those who suffer an anterior MI. 6 By echocardiography, LVAA is defined as a dyskinetic apex with a diastolic contour abnormality. 7 A true aneurysm is lined by thinned myocardium that develops as a result of the weak infarcted wall and the pulsatile force of ventricular contractions, and features a smooth transition from the normal to the thinned myocardium together with an obtuse angle between the body of the ventricle and the aneurysm. 2, 7 In the setting of hypertrophic cardiomyopathy (HCM), width or length have been used to characterise apical aneurysms as small (<2 cm), medium (2 to 4 cm) or large (> 4 cm) ( Figure 1 ). 8 Left ventricular dysfunction is one complication of LVAA, although ventricular dysfunction is not isolated to the aneurysmal area. Circumferential systolic dysfunction in the regions immediately superior to the aneurysmal zone has been reported in a canine model of LVAA. 9 Moreover, mathematical modelling based on ovine magnetic resonance images indicate that mechanical dysfunction in LV regions superior to the aneurysm are the result of persistent ischaemic injury. 10 The extensive (overall) ventricular dysfunction related to LVAA may lead to cardiac conduction and to thromboembolic complications. The interface between the normal muscle and the thinned, fibrotic and scarred myocardium in the aneurysmal zone represents an area more likely to be the substrate for malignant ventricular arrhythmias. 8, 10 Furthermore, the likelihood of developing an apical thrombus (due to apical asynergy and blood stasis) is significantly increased in the short and long term with LVAA.
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Suboptimal 2D echocardiographic images can occur for a variety of reasons. In examinations where the apex is not well defined, intravenous contrast can be used to exclude or confirm ventricular thrombus. 12 Moreover, sonographers need to fully utilise Doppler imaging modes post MI when apical images are suboptimal recognising paradoxical LV blood flow with Doppler can also aid in the identification of a 'concealed' apical aneurysm. 13 
Paradoxical left ventricular blood flow
Paradoxical LV blood flow is high velocity flow moving from the apex towards the base during the diastolic filling period. 13 This rare phenomenon is due to an intraventricular pressure gradient that results from the coexistence of mid chamber narrowing and a significant apical wall motion abnormality. 13, 14 In patients with HCM, paradoxical flow is a valuable aid in the identification of concealed LVAA and is associated with worse clinical features. Patients with paradoxical flow are reported Two-dimensional speckle tracking echocardiography Two-dimensional speckle tracking echocardiography was used to measure myocardial deformation (strain) in this case. 2DSTE utilises the speckle pattern inherent to normal 2D images that result from the reflections of natural acoustic markers (smaller than the ultrasound wavelength) within the myocardium. 15 By grouping speckles into 'blocks', the imaging software is able to track the speckles frame-by-frame, and to measure strain. 15 Strain imaging has improved the echocardiographic evaluation of cardiac function by providing a direct measurement of myocardial motion. 16 Quantification of segmental and global radial, longitudinal and 
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Case specific findings and their clinical significance Both 2D and 3D images showed the abnormal LV anatomy and function at the apex. However, only 2DSTE revealed the full extent of the systolic dysfunction, demonstrating that the dysfunction was not confined to the apex, but included the basal and mid segments as well. This finding provides additional confirmation of reports that indicate strain imaging is superior to LVEF at detecting myocardial dysfunction in the setting of ischaemic heart disease. 19, 20 The extensive LV systolic dysfunction is certain to be a significant part of the patient's symptomatic heart failure. Deformation of LV longitudinal fibres was significantly abnormal at the ventricular apex and also abnormal in the mid and basal segments. Circumferential and radial strain may have provided more information about LV systolic function. Poor parasternal 2D image quality (one of the limitations of 2DSTE) meant that these additional strain measurements were not possible.
Paradoxical LV blood flow was identified with Doppler imaging. This uncommon observation led to further investigation of the LV anatomy and function with 2DSTE; which revealed the full extent of the ventricular dysfunction. Moreover, as both paradoxical LV flow and reduced LV strain are associated with poorer outcomes, 13, 21 identification of the paradoxical flow and of the reduced strain helped to ensure that the patient's short and long-term management were optimised.
Conclusion
Serious anatomical and physiological complications are related to LVAA. More obvious complications like apical dysfunction and less obvious ones like more extensive ventricular dysfunction and paradoxical intraventricular blood flow can occur. This case report highlights the need to utilise multiple imaging modalities, including 2DSTE, to fully reveal the extent of the complications related to LVAA.
